ABSTRACT: The distribution of nodes is an important aspect of energy consumption research in wireless sensor network. It affects the energy consumption mainly in the coverage and density of the nodes in wireless sensor networks. In this paper, starting from random distribution of the sensor nodes, considering the communication probability between nodes, research energy consumption of random distribution of nodes within a single regular hexagon and between two adjacent regular hexagons. This paper proposed a concept of probability cumulative distribution function of simulating energy consumption, and derived probability cumulative distribution model of simulating energy consumption. Then simulate this concept and analyze the simulation results to obtain theoretically optimal communication range. The simulation results show, this model can be derived from probability of energy consumption within a specific communication range and get the best communication range. Nodes communication can minimize energy consumption in the obtained optimum communication range. The method provides a theoretical and practical basis for estimating large-scale energy consumption.
INTRODUCTION
The research of wireless sensor network [1] (WSN) is a hot research area, which has wide application prospects in environmental monitoring, military, health care, family intelligent monitoring and other commercial areas [2] . WSN and traditional wireless network have a big difference. The sensor node is smaller, and compared with the general batteries-powered senor node, WSN itself loads more limited energy. WSN is composed of a large number of wireless sensor network nodes, which will not move easily once arranged and be in unattended status. Therefore, it cannot supplement new energy by replacing batteries. Research on energy consumption becomes more and more important for wireless sensor network.
In a random wireless senor network, build a geometric model according to the distance between basic nodes to analyze the other performance parameters of WSN, such as the energy consumption, path loss, data transmission between k adjacent nodes. This can get better optimized configuration strategy so as to improve the energy transmission rate and reduce the transmission loss in wireless sensor networks. Nodes distribution has an influence on the life of wireless sensor networks. By optimizing nodes distribution, we can achieve optimal planning about energy consumption of wireless sensor network and achieve optimal allocation of energy consumption.
In the previous literatures, performances of wireless sensor network are studied in common area such as quadrate and rectangle. In literature [3, 4] and [13, 14] , the researches show that the analysis of performances of WSN based on orthohexagonal geometric model is closer to the real situation than that based on quadrate and rectangular geometric model. Using the orthohexagonal geometric model as the method of research area, this paper proposed probability cumulative distribution function of simulating energy consumption, which was used to analyze the relationship between wireless sensor network nodes and energy consumption, to get the optimum communication distance and provide a theoretical basis for the optimal allocation of wireless sensor network nodes.
THEORETICAL PREPARATION
It is well known that the distribution of wireless sensor network node plays an important role in energy consumption of network. Since the 1940s, B. Ghosh began to study the problem of nodes distance distribution [5] . Later, some scholars proposed that one node is fixed, and the other one can move randomly, so that the probability cumulative distribution function can be obtained [6] . However, when the two nodes randomly move, this method is no longer applicable. On its basis, literature [7] researched the distribution of nodes randomly scattering in the regular hexagon so as to obtain the probability distribution function.
Definition
The Euclidean distance between two random points (X1, Y1) and (X1, Y1) is D . We define an arbitrary variable E is equal to
, therefore E . We can use a common and unified approach to solve the probability density function, and then obtain the probability cumulative distribution function by integral. Literature [8] defined the probability density function fz(z) and the corresponding cumulative distribution function Fz(z) of distance distribution. Thus, as shown in formula (1) and (2), we obtained formula of the probability density function and the corresponding cumulative distribution function FD(d) and FD(d) in geometry of a single regular hexagon and two adjacent regular hexagons.
Verification of cumulative distribution function
In the process of communication, there is a certain range in wireless sensor networks. For convenient analysis, we assume that there are two ways in communication of nodes. (1) Any node can communicate. (2) Only the nearest nodes can communicate. Using MATLAB 2012a to simulate, randomly spread nodes within a single regular hexagon and between two adjacent regular hexagons whose length are all S=100m. Using Monte Carlo to simulate the results, Figure 1 and Figure 2 plots the CDFs of nodes distance distributions in the area abovementioned where 10,000 nodes are spread randomly. Figure 3 plots the CDFs of the nearest nodes distance distributions in the area abovementioned where 3,000 nodes are spread randomly. The simulation results show the correctness of 4 3 2
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the theory, which are in accordance with the actual results. 
THE MODEL OF ENERGY CONSUMPTION PROBABILITY CUMULATIVE DISTRIBUTION
The energy consumption is one of the important parameters of performances of wireless senor network.
The previous studies are just in in common area such as quadrate and rectangle. In literature [3, 4] and [13, 14] , the researches show that the analysis of performances of WSN based on orthohexagonal geometric model is closer to the real situation than that based on quadrate and rectangular geometric model. However, the previous studies only focused on the simple comparison of energy consumption, and did not propose a model which can predict change trends of energy consumption.
With the continuous promotion of large-scale WSNs, it is necessary to study of the relationship of between nodes spreading distance and energy consumption of networks. Therefore, the settings of research on energy consumption in this paper are as follows: nodes distribution area is a single regular hexagon and two adjacent regular hexagons; the node communication mode is that any node can communicate, and the nearest nodes can communicate. The method provides a theoretical and practical basis for estimating large-scale energy consumption.
The calculation model of energy consumption
In WSN, the energy consumption of communication module of sensor node account for 90% of the total energy consumption of all parts. Thus, reducing the energy consumption of their communications will be able to effectively reduce the total energy consumption of the nodes. The literature [10] showed that communication module includes four states: transmission, reception, idle state and sleep state, of which the ratio of power consumption is about 2000:400:400:1. Therefore, to reduce the energy consumption of the network, the key way is to make as many nodes as possible be in sleep state. Hence, we consider the nodes in the state of sending information, and the energy consumption in other three states can be calculated according to the proportion.
We chose the mathematical model proposed in literature [11] [12]:
In the above formula, where E is the required energy for the node to send information, L is the length of the sent data, d is the communication distance between nodes, m is path loss exponent, α is transmission energy (J/bit), and β is loss per unit energy in transmission.
Therefore, on the basis of formula (3), both sides of the equation divided by time t, is equal to the following.
In the above formula (4), where P is the energy consumption (J/s), ν is data transmission rate that is bit rate of wireless signals. Typical numbers are as follows: α=50nJ/bit, β=0.0013pJ/bit/m
The model of simulation of energy consumption probability cumulative distribution function (ECCDF)
This paper studied the distance between nodes, proposed a concept of simulation of energy consumption probability cumulative distribution function, which can be estimated within communication range of achieving maximum energy efficiency. Literature [8] has been given a definition of the cumulative distribution function. According to this definition, we can obtain the definition of simulation of energy consumption probability cumulative distribution. Definition 1 In the area Ω, according to formula (4), for the two random points (X1, Y1) and (X1, Y1), we can obtain simulation of energy consumption probability cumulative distribution function Fp(p).
Which defined S as the factor of energy consumption probability cumulative distribution; Fz(z) is the cumulative distribution function.
By the above formula (5) and (6), we can obtain the formula of simulation of energy consumption probability cumulative distribution which is used to infer the communication range, in which it can obtain maximum efficiency of energy using and, provide the basis for node configuration in wireless sensor networks.
SIMULATION RESULTS AND ANALYSIS

The calculation model of energy consumption
Assuming that each sensor node is in the state of intercommunication, according to formula (5) and (6), we simulate energy consumption probability cumulative distribution function in MATLAB R2012a. Figure  4 and 5 show energy consumption probability cumulative distribution function in a single regular hexagon and two adjacent regular hexagons where any node can communicate. And the poly fit functions F1 and F2 are used to simulate energy consumption probability cumulative distribution function in Table 1 .
Assuming that there are only the nearest neighbor nodes can communicate, figure 6 shows energy consumption probability cumulative distribution function with randomly distributing 300 nodes in a single hexagonal where only the nearest neighbor nodes can communicate. And the poly fit function F3 is used to simulate energy consumption probability cumulative distribution function in Table 1 .
Analysis of simulation results
In this paper, nodes are randomly distributed in the regular hexagon. Node communication has two ways: any node can communicate and only the nearest neighbor nodes can communicate. It results in the calculation model of simulation of energy consumption probability cumulative distribution. Through Figure 4 and 5, we can find that, under the situation that any node can communicate, energy consumption basically approaches zero within a distance of 50 m, and the probability of energy consumption will quickly become bigger within that of more than 50m in a single regular hexagon; energy consumption basically approaches zero within a distance of 140 m, and the probability of energy consumption will quickly become bigger within that of more than 140m in two adjacent hexagons. Through Figure 6 , we can find that, under the situation that only the nearest neighbor nodes can communicate, energy consumption basically approaches zero within a distance of 3m, and the probability of energy consumption will quickly become bigger in that of more than 3m in a single regular hexagon. Thus, we can roughly predict the optimal communication distance, so as to reduce the energy consumption of WSN within this distance. 
CONCLUSIONS
This paper studies the relationship between network simulation energy consumption probability and nodes distance in a single regular hexagonal and two adjacent regular hexagons. Firstly, we derive energy consumption probability cumulative distribution function based on the research of Zhuang and Pan on the cumulative distribution function. Then, we obtained image simulation of energy consumption probability cumulative distribution function using MATLAB 2012a and analyzes the optimum communication distance. It provides a theoretical support for the analysis of the energy consumption, as well as the configuration of energy routes in wireless sensor networks.
In subsequent works, we will continue to research the distribution of nodes in WSN. Moreover, we will research not only the energy consumption, but also the interference and capacity in WSN. We believe that it is necessary and helpful to study the performance in wireless sensor networks.
